Gastric papillomas in eight St. Lawrence beluga whales (Delphinapterus leucas)
Sylvain De Guise, André Lagacé, Pierre Béland A small isolated population of around 500 beluga whales (Delphinapterus leucas) live permanently in the St. Lawrence estuary. These gregarious animals are observed in small groups, the composition and social organization of which are still unknown. Their lifespan is about 30 years in the St. Lawrence estuary. They have been found to be highly contaminated with organochlorines 19, 23 and heavy metals. 33 In a series of necropsies, a high incidence of tumors and a number of lesions not previously described in cetaceans have been reported (S. De Guise et al., unpublished data). 6, 11, [20] [21] [22] Papillomas have been found in many different domestic and wild animal species from birds 31 and fishes 28 to elephants." Many etiologic agents or factors have been demonstrated or suspected, such as herpesvirus 15 or pollution, 28 but papillomavirus was the most frequent one. The present paper describes gastric papillomas in 8 St. Lawrence beluga whales, in association with papillomavirus-like particles.
During a study of the pathology and toxicology of beluga whales in the St. Lawrence river and estuary, stranded carcasses were necropsied at the veterinary college of the University of Montreal. After a complete gross examination, tissues were fixed in 10% buffered formalin, embedded in paraffin, cut into 5-7-µm sections, and routinely stained with hematoxylin, phloxine, and saffron for histopathology. Formalin-fixed tissues selected for electron microscopy were fixed with 5% glutaraldehyde, postfixed in 1% osmium tetroxide, and stained en bloc with uranyl acetate. The small blocks were then embedded in epon, cut to 80 nm, and stained with lead citrate. The sections were examined with a Phillips 201 transmission electron microscope. Animal ages were estimated by examination of tooth sections, according to standard methods. 3, 26 From the Faculté de Médecine Vétérinaire, Université de Montréal, 3200 Sicotte, C.P. 5000, St-Hyacinthe, PQ J2S 7C6, Canada (De Guise, Lagacé), and St. Lawrence National Institute of Ecotoxicology, 460 due Champ-de-Mars, Suite 504, Montreal, PQ H2Y 1B4, Canada (De Guise, Béland).
Received for publication December 23, 1992. Out of 24 belugas necropsied between 1988 and 1990, 8 had gastric papillomas. Of these, 4 were males, 3 were females, and 1 was a hermaphrodite; their ages ranged from 14 to 29 + years. One to 20 papillomas were present in the first gastric compartment of these animals; each papilloma was 5-10 mm in diameter. The papillomas were whitish, like the surrounding normal mucosa of the first gastric compartment, round in shape and well defined and had a slightly elevated border with a core composed of small filamentous papillae that were either raised above the level of the border or all below this level ( Fig. 1) .
Histologically, the mass corresponded to an exuberant focal epithelial proliferation, showing a mixed endophytic and markedly irregular papilliform exophytic pattern (Fig. 2 ). The epithelial papillae were supported by thin projections of the underlying submucosa that arboresced from a single point at the central portion of its base. These submucosal projections were oriented parallel to the curved outer border limiting the base of the mass. The base of the tumor had a cup-shaped contour and was embedded in the underlying submucosa. The mass was circumscribed by the sharply elevated adjacent normal gastric mucosa. The smooth base of the mass was devoid of the prominent rete pegs present in the adjacent normal mucosa.
The basal layer of the proliferating epithelium was made of a thin layer of about 3-15 flattened epithelial cells. The transition with the overlying normal appearing large cells of the thickened epithelium was abrupt ( Fig. 3) . In some cases, at the tip of some elongated papillar projections, single cells and sometimes clusters of up to 10 cells were located into the central layer of the thickened epithelium and were distended and globular, with a homogenous and slightly granular pale orange cytoplasm. These changes were interpreted as hydropic degeneration.
Ultrastructurally, few large intracytoplasmic vacuoles that sometimes occupied most of the cytoplasm were noted in areas corresponding to those where hydropic degeneration was found under light microscopy (Fig. 4) . The cytoplasm of the majority of the cells included very few organelles, and the intercellular spaces were often distended between desmosomes. Higher magnification revealed aggregations of repeated, morphologically identical subunits interpreted as viral particles in the cytoplasm of some epithelial cells in which the nucleus was absent (Fig. 5 ). These particles were small (approximately 40 nm in diameter) and roughly hexagonal in shape.
Gastric papillomas are rarely observed in domestic animals. 14 Although papillomas have already been reported on the skin, penis, tongue, and pharynx of cetaceans, 10,17 gastric papillomas have not been reported in cetaceans, with the exception of a single case in a beluga whale from the St. Lawrence estuary population. 21 Histologic characteristics that were found in every case are herein proposed as defining this pathologic entity. The lesion is a squamous papilloma, where only a squamous epithelium proliferates, unlike the bovine cutaneous papilloma and ovine digestive papilloma, where both the epithelial and supportive connective tissues may proliferate, forming a fibropapilloma. 25 Unlike papillomas in many other species, the papillar projections of the gastric papillomas of beluga whales showed only thickening of the epithelium but no hyperkeratosis. This lack of hyperkeratosis is expected because the first gastric compartment of the beluga, as in other odontocetes, 1 is not keratinized. The foci of hydropic degeneration, manifested histologically as large cells with paler cytoplasm and ultrastructurally as cells that contained large cytoplasmic vacuoles, have also been noted in human warts, 24 bovine cutaneous papillomatosis, 25 canine oral papillomatosis, and bovine and ovine digestive papillomas, 14 where they have been reported as hydropic degeneration, ballooning degeneration, vacuolated cytoplasm, wart cells, or koilocytosis. Whatever the term used, these foci correspond exactly to the definition of hydropic degeneration. 27, 32 The small virus-like particles are morphologically similar to papillomavirus 4, 12 and are much smaller than herpesvirus reported in papillomas of elephants. 15 In humans, 24 dogs, 4 cattle, 2, 29, 30 horses, 13 and other species, 17, 31 the viral particles are located in the nucleus, whereas in belugas the virus-like particles were observed in the cytoplasm of papilloma cells. Virus-like particles observed in the cytoplasm of keratinizing cells were thought to be a late stage of the infection in which degenerative changes, with nuclear membrane damage, could account for the presence of particles in the cytoplasm. 2, 4 Papillomas, particularly in the gastrointestinal tract, can be induced by many different processes. Parasitic origin was found in muskrats 5 and prairie voles, 8 and a fungal infection with Candida albicans was seen in brown lemmings. 18 Specific chemical carcinogens induced high incidence of tumors in the forestomach of rodents, 9 and a genetic basis was shown in mice with spontaneous forestomach papillomas. 16 None of these causes seemed obvious in beluga whales. Multiple histologic sections did not show parasites or fungus, and the definite period of time in which the papillomas were found does not fit with a genetic basis and the constant toxicologic pattern shown from tissues of the animals necropsied.
Because cutaneous, 25 oral, and gastric papillomas 14 often have a viral origin in domestic animals and because viruslike particles were seen, the high incidence found in the small population in a relatively short period of time (end of 1988 to early 1990) might be explained as an epizootic. As in other species, 13, 14, 24, 25 the infection in the beluga whale appears selflimiting and the lesions transient, because only 1 more gastric papilloma was found in this species in 12 other beluga whales necropsied since that time. Unlike in other animal species, in which the disease usually occurs at a young age, the papillomas in belugas were all observed in adult animals. The high burden of contaminants found in belugas could account for the older age at which the disease occurred.
The occurrence of papillomas, possibly of viral origin, in 8 out of 12 animals necropsied suggests that this population might be susceptible to viral epizootics. An epizootic with a more virulent organism, such as the morbillivirus found in striped dolphins (Stenella coeruleoalba) in the Meditanerean Sea, 7 could seriously affect the St. Lawrence beluga whale population, which is already listed as an endangered population.
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